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CRAITICAL SHZAR STAESS OF AN ISTISITRLY LONG FLAT

SCOMRARY

A 2nort for the valuec of thae ceafficient in the
formula rTor the critical chenr stress at which buczling
m2y ve e¥pected to oceur in an irfinitely long flat plate
with parzlilel edeos i¢ presented. Ure jl@te iz sssumed
to Yave supn -rteﬁ edqes with s2qual elasztic straints
agninst rotaticn alecrs thelr longth, Tan matqexatlcal
derivetions ﬂf the Jeraonles re for the congtruc—
tiorn c¢f the chart ave siven in twe ampendixes,

An eprrovimate meticd 1s wresanted Tor the eva 11118~
tion of the rvitical ghesr atrees whan bhe elasgtic re-
straiats cn tlhe two parallel dz2s nre not a2g° al Ap—
proximate metrols are alse given for the eval- mtlo‘ cf
the eritical shear stress for ¢ plave of Tinite lewnsth
with the samne restraint acgainet rotation alorgz 21l
elecsa, It 1= peointed out that, 17 a plate is longer tasn
five times its wittk, the errer thet iz involved ir sg—
suming it %o be iafinilely lene feor tae rurnoce of calcu-—
lating its ecritian) ghenr gir is less then 10 per—
cent and is on the conservat:
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In the desisn of stresse: structures for air-
't, it is often aecessary tc evalunte the critical
ers at which buecxzling occurs, Cae of the leading con—
ions for whieh tha tuckliins stress feor o flat rlate

a0t heen adeguately sva i thﬂo”etlﬁ“l’v ig thot
o} shear forces in $ue ] In referenco
1, Southwell a«d Szan v the critical
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shear stress for an infiritely long flat sheet with two

conditions of the edges, ramely, that of simply suvpporte
ant fizxed edges,

In the vnresent paper, the theoretical work of South-
wall and Skan hasz been extenled to provide a solution for
thae critical shear stress for an infinitely long flat
piote having parallel sunported edges with squal elastie
resiraints against rotaticn along thelr len@th, The theo—
retical work for this scludticr 1s presec
An energy solution, presented in Appen?i
conjunction with the exsct sclution of Appendix A in the
nunerical evalu=stion of the chear str 3 the final re—
siults of this mathematical work are presenied in a design
chart wiilci 1s discussed in the following sections of
this repoxrt,

ix B, was used in

Within the flasztic range,— Within the elastic range,
in which the elruvetive HOAM]uS o7 slacsticity is equal to
Young'!s modulus, the eritical shear strens T,. for a
thin flat recinnguler plate is expresscd {reference 2,

Po 3056) as:

PR (1)

or
N
12{1-u" )0
in which
kg nondimensional coefriciaznt that deornds upcn cone
ditions of edge restraint and relative dimencions
el plate
E Youngts mcdulu
t thickaess of plate
o Poisscn's ratio

b wiith of plate
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Berond the elastizc ranze,— When a thin flat plate
5 stressed in snoar beyond the elastic range, the

b3
i 5 e
effective modulus cof al-~sticity feor the plate is less
e
1
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tihan Young'l!s roduius, Ifw single, cver—all effective
g modulus

plate wodulus n_ B 1is substlfuteu for Young

4, the criticalostress, wn3n thoe raterial of the plate
is loadod beyond the elastic range, can te obtained fronm
eguation (1), Tne nondimensional ceoefficient Ny has

u value that lies bebtween zero =zad unity and is leter—
mined by the stress,

For stressazs within tne c¢lastic rance ng T 1l;
for stresses beyonrd the elastic rangs, “xnc irsntal ro-
olish properly the variation of
i n

193
seercn 1s necded tc =st
N with stress, For s

egueticn /l) cannot he use r o tiractly
becaurce toc valae of  Tgy rnust e kncwa before the valus
of =ngE, which replaces I, Zn ve determined, I the
equntion is divided By my, Row:ivar, T,./ng iz river
directly by the gsovetrical Zimuonsiors of the plate,
Tounysls modul , anl Foigscntls ratio, Thus
Tey k¥ EtF
[ [ M /
= r2)
. E{lopE)ve
A possible relationsiip between Tap aad Tcr/n

for 243-T aluminum allecy is ziven in fisure 1, This i~
ure was prepared Iron corpression—toet Yata oz Z—scection
columns, hresented in referance 3, by use of the a’finity
relations betw st

developad in g

wasz obtained fron c

A
=y
e
o
b

these atffini

Ter = 7 Yer
T ~
cr _ 1 “er
M a 2
Woails Oop le the critical cempressive stress for local
buckling of the Z-scciicn ccolumrn ~nd Top/n is computed



fror equation (1) c¢f reference 5, The ¢
hns the same signivicance rezardings comp sicn of
plates in reference 5 as 7n_ has regarding shear of
slates in this report, "

It i1s not krnown whether the uce of data Trom cocl—
unn tests glves a true indication cof thne probable action
07 thin plates under shear, The relaticnsiaip shown in
Tigure 1 is, however, helieved to Le slightly conscrvative,
In the absence of data on thin plates in shear, thereicre,

the curve cf Iigure 1 can e used #s a gulde in estimatine
critical shcar stresses for 24S—7 eolurinum alloy,

ez |
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EVALTATICY OF kg FOR PLATE CF IJFIJITE LI.2TH

The value of T,./T, at wiich Luckling ocszurs is

¢
glven by ecuation (2), in which all of the ~usntities
are Lnown c¢xcest tha valne of the ccafficient Kgo The
values of ki can %e otbvained frewm Tieure 2, In this
Tigure, kg is plotted ncsinst  A/b, the ratic of the
all wave leasth of bthe woclkhle to the wiith of the plete,
for Jifferent valuss of a perarcter € oting the
restraiat coefficisnt ant cefised by the followin- oqQua—~
tions:
Within the elastic ronge € = i (3)
D
13.%
Berend tho elantiec range € = 2. (4)
T D
s

In these equations, D is the flexural stiffress of tho
A
niate por unit length e and Sg is the stifin es

120 1—u*)

angth of the elastie restrainin,: zadium at §he
ne plate or the morent roquired to rotoate a wsit
tie pedium threugh cne—fourih radian,

The solution of the differontial gquaticn for th:
critical sloar stress of the infinitels long vlate rov.als
that, vwhen tihe vwiste ovekles, tha mozents and the rotations
at an cdge ¢f the plate very sinunecldally alcng the ndge



of the plate and are in rhase with each othar, Iu order

to evaluate S, for a stifferer, plate, cor oﬁhcr restroin—-
ing structure, the conuitioas of corntinuity of rototions
and equilibrivm of moments betwoen rlate anld restraining
strucinre as well as the conditions of intsarnal gouilib-—-
rium within the restraining structvre must be sati sfied,

These conditions cf continuity and equilitriur reoguire
that the differcntial equation of egquilibrium of the re—
ctrainicg ctruciture for a sinuscidally distributed applied
moment give a sinusoilally distributed rotation of the
restraining structur= in vphase with the moment, Struc—
tures of uniform sec “lcon, sucn as stiffeqe"s and plates,
“atlufs tie forwgoln- r61ﬂ1“*~ent, In e¢ach casecs, tiue
ratio of the moment per unit lengtin at any point to itre
rotation at that point i1 cuarter radians is Sq. )

When the clastic restralaning structure conzists o
a sturdy stiffener, defined as i stivfensr of suveh nro
tions that it does not suffer cress—-sccticnol cictorsi
when moments sre applied %o sone part of tuhue c2ross soc
the value of S, 1is, frop reference 6,

ne ( o \
< — n —— — ‘""‘. ] :
JO T TZJJ O'Ip + ‘,Tl'iuBT / ()>
;‘)\M \ 4
where
G3J torsional rigidity of stiffener
o uniformly distributed cempressive siress in

stiffene

IP polar moment of inertia of stiffencr sec ional
area abtout axis of roiaztion

CBT torsicn-vending constant of stiffencr szctionul
area abocut axis orf ro%tation st or noar ed ze

cf plate

Tis Tz nondimensionual coefficients eeual to er less than
unity that teke into acccunt the effect cof
stress in the stiffensr on the berding and
shnear molduli of the stiffener

It 1s not likely that any st
compressive stress o when attne
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, o in equation (5) is zero

hear only. In such case
i e equal tc unity,

both T, and T,

©
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Zhe evaluation of SO for other types of elastic
estraining structural elewents is a subject for Ffurtaer
theoretical study,

In general, Ss will voery with the half -wave lenzth
N If, however, the elastic reciraining mecdium Is such
thet roetation a2t on= *oi“t goes noet ariect reotation at
another point, the value ol 8, 1i1g indepenuzent of A,

In this care, thwo V¢Tue cf A/b that thne plate assumes
upon tuckling will o2 thae value for which T,. igs a
minisan, This minimur vaive of TC” will e obhtaiaed
if *the mianimum valuse of g Tor the particular valus of
¢ established by S, is wsel in sountions (1) er (27,

s astatasd npre is ndcependort
of A/t Tfeor tio ! clustic
rastraint agzainct Tl ¢ piate,
(320 equ.ticon () g this more
ususl casc, @ serier of valnas of ssumed,
frow wnich the corrosy i o lwe 1 T
may te found, until o value of A/ bt cives
a minipur valve foz Tap.

Fevoend the elastle range, waere ¢ is defined ty
cguation (&), the wvalue of T, wust te known tarore €
can te evaluated, becanuse n is a function of T..,

Az the problen is to determise T,., & trlal-end—error
metlhod of solution must chvicusly be emuloyeld, In order
to frcilitate scuch o sclution & curve sliowling the varila—
ticn of g with er hae been included i figure 1.
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at equal restreints



exist along the edges, When the %two edge rastraints aro
rot equal, a value of ks is feund for ench of the valuos
of restraint by thoe metaod used for equal resiraints,

Thae average of the two values ¢f kg thus edbitainad should
bs o roensonadbly good approximation of the trune valuec of

., This avorige moy ve elithcer the wcrithmetic mean
2y P —————
k. o+ k. )Y/2, or the gecmelric wean Jk ., As thoe
Sy s > s, og
georetric moean will alwars give a slightly lower value for
k it will Ve more conscrvative to us2 the geometric

mean tant the arishretic mean,

The forcpoing metiiod for estnslighing an aporoxi-
mate value of kg for an infiritely longs plate with un—
equal restraints alony the edges is suscected Ty the fact
thnt aprlication of thils methcd to plates unier edge con—
pression with unequal n2lastic restraints zlong two edges
nives critical stressas which are lecss than 3 percent in
error, (Sees refarence 7,) It tasrefore appenre roason—
able to assume tiat a somewhst similar nroc
also give gouwd results for plotes vndax sheur,

o
=
-
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Beyond the elastic range it is more congervative to
averzge the criticol shear siressos than to avernge the
cerresronding values of kg and, with this average, to

computc the critical shear stress, This cverage of tao
critical sheoar stress should te the geometric average,

nte of finild te lenesth w1uh eguzl re—

1v::_e~ﬂe" — TFor a reCuangul?r plat°

of 1nlte lengtn upnorteu or surported anl restrained

against rotation at both tae side and the end edges, the
critical shear stress is sceater thsun for n p]ﬂte of the
same width but orf infinite lengcth, 4An approximate valne
of kg for a flat plate of finite lensth with equal ru—
straint on the four edges can btz obtained from the product
of the eritical chear stress for azn infinite 1y long plate
and the factor ¥ read from the curv:s of i gure 3, The
two curves in this figure for ¢ and € = ® werae ob—
tained from numerical values given in references £ and 8,
respoactively, These curves are nct exnct, but tney are
#zood engincering appreximaticns, The fact that the tvo
curvaes for ¢ = 0 and € =% g0 nearly coincide indicates
that, for enginecrins wse, the lowcer oi the two curves can
be used for any intermediate value of € without excessive
conservolticm,

1}
o



Frem figure 3,
is longer than five times ite width (bd/a < O, 2), the
error that 1s iaveclved in assuming it to be infinitely
long for the purpese of calculatiag its critical shear

it may be concluded that if a plate

shrength 1s less than 10 percent and is on the conserva—

tive sido,

Langley dewmorial Acronauticul Laberatory
¥ational Advlsorb Comwittes for Aeronautics,
Langley ¥Field, Va,
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ENDIX A

SOLUTION BY DIFFERENTIAL Z4UaTION

The exact solution fer the ecritical sctregs at whica

buckling occure in a flat rectargular nlate-sublezted to

a shesr force in 1ts own plane meyr be chtuined by sclvine
the differential enquiaticn which erpressze the equilibrium
of the vuckled plate, "hne plate is asgssurned to Le infi-
nitely long, and ¢jual ‘]rStLC rostraints against rotation
are assumed to Ve present along the two sdgez of the plate,

Figure 4 chews the ceordinaite syster used, Tre Aif-
fercntianl equation for equilitrium of & plate element 1is

(refererce 2, p, 300):

’
4 4 5
- ~ ~ ~
Cc W C W C ‘:‘!\ (O
D ——— + e + —«I/'+ 2T i = O (A-1)
\ex ax Ly ey exay
where
W deflection cf plete at (x,y) frcm unstressed position
T uniformly distridbuted shear stress
o \ L - . . Bt
D flexural stiffness ¢f plate per unit length | ——tm—ee
Lie(1-p~)
t thickrness of plate
E modunliug ¢¥ elasticity

W Poisscnts ratio



shear

(4~2)

It is known that the formula for the critical
stress T is of the fornm (reference 2, p, 359)
. k¥t ®

\ - L =
i 12(1-p" )b
L
-

where k 1s a constant to be deitermine

8
of equation (A-2) for T

tion of the constant fanctor D

d, Sutstitution

in eguoetion (2~1) and elimina—
gives the equation

- 4 1, £ SR,
o S, Bnlky ¥Tw o 0 (A-r)
ox ey b®  txey
If the plate is infinitely long in the ¥—dlrection,
the disturbing effeets duc to the loeal couaditisnsg at the
ends will act elfect thn deilectiecn 0% any par ;icular
point, and the defleation ray oa lakun to be perricdic in
X, t 1s thereiore ascuned that
L TX
g R
w = Ye A (A-a)
whaere A is the half wave length of the bueckles. and Y
is a function of y only, If expression (4-4) 1s sud-
stitutel Into equation (4~3), and the variable 2z = y/b
is introduced, there results an equation in nordimoncionnl
form which defincs the function Y:
RNA L S S 1) N
— = 2 ——) — + (f"/ Y+ 21— ) n%k = = 0 (4-5)
dg A dz P A dz
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provided

(- \ 8"2 .
~ mh \ ! ™o <
n° o+ o I B(E—\n“k mw o= 0 (A—-G)
- A

Sclution of eguation (A—G) will result ian four values of
i’ which may Ve temporarily decsicnated as my,, m,, mz, N4,
Thus

im, z im,2 w imaz imaz
Y = Fe 2 + Qe et o4 matHI® 4 gttt (A——-?)
wherae the coefficients 2, §, R, and 3 are to be
determined from the b cundery counditiorns, The boundary
coacditions along the two lcaded edgece arac:
(i), .1 = ¢C (4-23)
o=

21
{ Do ) = Qs‘,ju-\mﬂ J (A—11)

where S, 1s the stiffness par unit length of the elastic
restreining medium alcng the edges, cor the mement reguired
tc retate o unit length of thiz mediur threughl/4 radian,
If the conditions riven in equaticns (4-3) to (A-11)
are imposed upon eguation (A7), four equations in ?, 2, %
and 5 reszult ac fellows:
;21 Lz 1B D
Pe @ + Qe ¥ 4+ Re ¥ 4 = 0 (&-17
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N

g

Ted v

11

B Mg .3 ,Da

el — 1 -l - l—s

Pe © 4+ Qe + Re “ 4+ Se = 0 (4-173)
., rn T3 M4

V4 I:ll Jn na ‘54
L
{ == e 5" L=z ;
—-1€ \p Fe “ + m_ Qe “ + muPe ° + mg4le / = 0 (A-14)
LT ! TR R i
2 15 o TE o T TE 2ol
m,"Pe * + m "0e "+ w,;"Re " 4+ m4~Ss @
1 s 3

where
4350
€ = e
m
L
The qguantity e specifles the degree of Iixity along the
edees and ie termed the Y"restraint ccefficient,!

.

“he buckled form of equilibrium of the nlate becones

possible when the determinant formed ny the coefficiconts

of P Q, R anl § in wcguations (4-12), (4-13), (A-14)
0

¥

b ) ’ ]
and (A-15) eauals zor , thant is,

: I ] o I
i~% ~322 . 1Z1 LEy
I ! 2] 3 (mld_ieml)e 2 (]!ilz + igml)e"l'—}},
RN R 110 me e
1= U, e o i o . —~i-2=

6 © e 2 (my*—icm_ )e” @ (my™ + demy)e €

.3 it 3 I I
L - L o i-;-:‘l 2 -—'i-;-:

e E e ~ 7 {m,"=ilem,)e™ ¢ (ma" 4+ lemy)e 2
(B Iy e ms
—— o o — 2 . — g

e e e z (rs“—temg)e B (m,° + demg e *7




1z

-3

A3

-

. - . . . r
f(ﬁlcamz‘)(ms‘—m4°)+q“(ul~mz)(ms—mq)ltin—lg

2

~ .
o N 2, _ o L Ty—Lg ., fip—m
— i (my =ms Mg =g )+e (ri—na) (o —rg) gin—t——=gi >
L 2 2
N S 2 N ) S Ty—lia Tl n
ey Sl g )—m Sy~ gy i g {ry=mg) | sin=do=—cos—E——
0 b 2
Tz = : } I —1 n_—I
Ce R N P y Ny b= . JEy—0g PR L4
—|zy (mg—my)—my (ni—na)+mg (p—m, ) | sin ~—=co5—E—
L - 2 Lo
- . & 1 Tey I T 4t
B o L& . o Nedpil T2 o4
+;ml @ S . (my—meltm, (;l~m3AL1n~~:-~uog~ﬁ;~~
i ~ o " -
The‘coeffic?entg Ly, ., s, and m, ara sclutic
of eynation (A-r), which is of %

il
o
+
ot

£lu) = 0t v e w4t

he produ

=]
ct O
h
ot

o /ﬂ .D\‘

EaHghg + mymouig + Bykalg + MoMumg = Eﬂ’\?— kg
A S

= » . . iﬁ'_‘_]_.lu"'_ a

c;g ef the rocts of this eguation,
ime, is (<1)7a,, Thus, from equaticn (4-6),

2
RN
-~¢m' + msmq = 2<EE/
)\

n

¢

taken

A

5
4
{

(A=17)



13

From the first of equetions (A-17) it appears that
the sum of the roots is zero, It is therefore possidble
tc substitute in place of m,, r;, mz, and m; the
exnressions

mn

~L =Y + B
2
1 2

2

i}
2

|
W

? : (a—18)

n3

2

>

il

~Y + ig

my .

- = =Y — ia

? )
Upon substitution of the values of (A—127) in equations
(4-1¢) end (4—17) there is obtained for the stability
critericn

/. 2B
208 eY -~ ' (cosh 2a cos 2E~cos 4Y)

sinh 2a ein 28

~ A
; < = P < &N = = < < Y

~ (Y E(B ™)~ (B 540 ™) %4V P p*+a®)E

L 4

~
[

+ €] a(4Y®+a=+8%) cosh 2a sin 28
L

< < < 1
+ E(4Y =a"—~B") sinh 2a cos 28 — 4afY sin Y| =0 (4~19)

p)

and for the relations bdetween «, B8, Y, ~and the paranm—
etars,

2 \'r/
Y(a +8 ) = i (ﬂf\'ks (A-20D)
3 N A/

2 . 2., 2 =2 1 4
(o +y ) (g =Y ) = == (2 (A-20c)
le

A



f equation (A-19) discloses that the wvalus of
nd side 1is independeut of the sign of ¥, In
(4-20%), aud@ (A-POc) which define a,

aad ¥, ocnly In eguation (A—DOL) dioes ¥ occur to
~e flrst power, As Ythe sigas ¢f Y males no difference
n equation (A-1%), it is evicdent *hLat no difference will

<t

rasult in tae stability crite “101 if the sizn ¢f kg is
reversed, The physical slzaificance of this regult ig tras
the critical ehenr strecs for the plate is independent of

the Alrecticn of the anplled shaar force
RS L[]

The defining equaticns (2—20x) and {4-2Cc) may de
solved for o and B in terms of Y and B/X dfor
vurposes ol compntation; thus,

2
/ ~ o Vi < ;
- = -~
a = /V“ A i I IY” p {”E, P {a—21)

P e et i o e e s

/ ,
J/ s 1 [fmoY 1 /DN

‘ o) F 2 SN E {Y += (=) ](' 22
J 4 XA / J L 4 N\ A / N

3

e fcllowing pr. Aure was enmnlcysd tc compute the

exact values of kg for selected values of bH/A and €
v ouse of an azsumnad valuze of ¥, +the values ¢f o arnl

8 weresnlculated frem eguvations {A—21) eond (4-22 v

of ¢, B, and Y were then substituted in the stability
criterion (A-~19) togethor with thae selected value of ¢,
If the cu 1t Tien waun not gatisried, the procoss was re—
ol Y wos feand (eneraliy by plot—
i pravicius ceompuatrtions) tiunt would sat—
J When the criterion was finally sat—
s ent set ¢ valuves of o, B cnd Y wan
’ xich, when substiivtel ‘nto cyvasion (A4-2C),

, 3Y(c*+3%)
Ry = i SR (4-77)
©nb

A

i
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Valnes of k. deteruined from this procedure are nmarke
(c) in columas (b)) cf tanle I,

For the extre

e caszg of simply—csuprorted edges
(€ = C) and of claupel edges (€ == ), equation (A-1€)
reduces to the following forms:

For € = C

-
11

> a 2 2 . My~Ta .
~m, J(ng ~m, )sln—i;—;sln—

"

—~
rs
0

Th =i, N L .'z"‘m 4
L lfgin—r-2 = 0

2 2

() %en, ®) (5, % ®)sin

17, =T 4 Io—D 4
N v 3 el edir
(wo~m ) (m -, )sin- ——~=sir

Thece relaticns were siven by Scuthwell and Skan (refer—
ence 1), whose classic paper furnished the Tausis fer %he
worg described irn this appendizx,

APPENDIX B

SOLUTIOH BY EFERSY LETHCD

Because the exact sclution of the differential coua-
tion ¢ivean in appendix A yields critical values of .
caly with cornsziderable ladber, an energy solution was nade
to aid in the constructicn of the ~hart of figure 2, The
enersy method ~ives approximate values for kg, tre aceu=
racy of wrich depends upon heow closaly the assuped deflao—
tion surface describes the true dzflection surface,



'he energzy meathod as amnpiied *o the calculs
61 etresens ir given in refevence 2 (p. 027
is etalle when 7V, + 7V, > T #nid unstable
= I, whern T icg the woryk done by the
rce on the plate, V., 1c the strain ener
, and v_ is tlke straila enaregy in the two
ainrins medlums alons drex of the plat
*al gtross is chinirn. tre corpditicn
11ity,

. e
¥l = ¥ — ¥ 3in @

where @ ic the snzle of inciication of the nodal lines,
Ac in apvendix A, the piate is ceosumer to be Infinitoeur
lon~, so that the coraitione of vesgiralat ot the ends deo
rot matter,
in the obligue ccordinats systen, ths exprassions fer
T, V,, ara ¥V, arc {ses velarcnce I, pv, 307 and §57,
reference 7, e ustion (3., for eguivelent Cartesian ex—
preccsions)
A
P ;B
o e éw ’/ Cmr \‘ . —! .
Tt X - VT gin ¢ dxiy
e 2 ('S "\ (L _J‘
. 2

s
P
I

a9, . 2
e n¢-/Léw
(1-u)+atan e

S 0RO Lew  Srey cRPuN sin 4
+o2lpF ban ) St Sem g e (D S —“——jk Axiy

2

~ < ~ N L. = .:“,'c:/"“k‘*



17

A
- 2
-~ ~ ~ ~
W W,
v, = T f [.&. + Z¥ cin CD.] dx
2 coa®J &y Jop:s - __by
—A y=—=
<
\" "\
£ A - 2
7 453 g cw ow .,
+ 2l - + — sin ¢ dx
2 coseQ__é Loy ox Ao=_ba
< o r=
In crder to evaluate T, Vi, and V_ it is nec—

essary toc assume a deflccted surface w consistent
with the boundary cenditions, These conditione specify
tiunt along the two edges of the infivitely long plate
there be no deflectiion and equal restraint agzroinst rota—

tivn,

In & solution of the cri t¢cal compressive stress
for a flut rectangular plate (reference 7) by the energy
methodl, pre iselv trece sane boundary conditions were
corsilered, The sane leflection equation used in that

reference will there ore serve the purposes of thisc ap—
pendix when it ig¢ expressed in obligue coordinates, The
deflecticn surface as siven in equation (32-9) of refer—
ence 7, but ncw exprcsced in odlique cocrdinantes, is

- <
ne /Y y-| x

wos Wy |- (T—T - = / i i cos TV cos (3-2)
L2 \b,* PR b, - A

Equation (3-2) satisfics the boundary ccenditicn of ro deflec—

tion along the edges of the nlate and, on the avarage over
the length of tho buckle, satisfies the boundary condition
of equilibrium of moments along the cdges, provided
4S8,b
€ = ——0-
D

By use of this form of the deflection surface to com—
pute T, V,, and V., it is found that

< -
. it sin € [/ 2 2 4
7 = o Tomdo S ‘\ R R CEE ) e
2N L 2 8 w</ 2 e b3
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<
P 7 D D
Vl =W ——————— {//.‘__l)\

g T ) L 1
. [/r +3.___ ?>€g+/_% __fl__\l€_+_
4b,Acos @ 3

\2 n<c,/ 2

. h
2 /5 2\ 1 4 1
+22(1+ 2 sin ¢ ———-—«)e“ + <f—-—v>€4'“] r B4

) [\24 n? 5 we 2.) ( )

= m Dhe
1',P2 = \‘FO 5 3 (B—-J)
2b, co: &
It is permissitle tc cubstitute ths valuas obtained
frow equations (3-3), (B-4), and (2.5) in ejquation (I-1)
only when the cthear stress T has its critical value T..,
n

From this substitutic

“er T ,o —
12(01—-p")0
where
r '
1 ~ 1 _ _
k, = | 3 + C, /%\ cos P + C,(1+2s51n°®)| (B-#)
sin2¢ | (ﬁ\ ccz®d \'/
' \P/
- 1 o
l/l_~l..\g“+\/;.-_‘:—\g+..].:
\3 Tf"/ \2 s 2
c, = -
1 < - / \
/j_._ + 1 __% \zg‘“ + (1 _le’:)g + 1
\izo 5  n¢/ \2 7n? 2
/€ >N\ a2 N
a--_:_q\je AN, 1
24 e, Z m~/ <
CL: 2 4 = p] ~ 7" ¢
.l’....+.3;__*7'_\.._“°+g.‘__._:.)c+}.
120 2 LI \2 o/ pa)
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The coefficient kg thus is a function of A/db, of €,
and of thue unknown angle ©, For given values ¢f A/Db

anil €, the angle of iaclination 9 will adjust itself
to trhe value that will make xg a minimum, If the de-

kg
rivative ——= 15 set equal to zero, it 1is found that

/-
/ a
cog ¢ = J/C; + V/Es + C,

~..'-{.‘ s
VT o
P (x\é
5/
C — N
3 2
: A\
4C, + Co\-
< 'b//
i
C 3 = ‘H - =
40, + C, (AN
4 o)
0/

The angle © 1is thus determined as soon as values of A/b

and of ¢ have been seluctcd, Thls value of @® is to be
uced in equation (B-f) for the determinatioa of k_,

]

Equation (B-€) was used to calculate the values of kg
listed in the columns desigrat—d () of table I, With these

values of ks as a gulde, a number of correct leues of  ka

/>

wers obtained by satchyl 17 equation (A-19) of appendix A,

In this manner, the orrors in kg as given by ejuation
(B—6) werec established at regular intervals, From this
knowledge of the errcrs, ccrrectlon were made to 21l the
values of kg given in columns (a) of tavle I, These cor—
rected values of kg, waich are rcc oumaended, are listcd

in the columns desigrated (b)) of tadble I a: d were uscd in
the construction of figure 2,
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NACA
TABLE I

VALUES OF kg IN THE EQUATION FOR CRITICAL SHEAR STRESS FOR AN

INFINITELY LONG FLAT PLATE WITH EQUAL RESTRAINTS ALONG THE PARALLEL EDGES

L- q(';uf

: 0.5 0.6 0.7 0.8 0.9 1.0
e (a) (b) () (v) (a) (a) (b) (a) (b) {a) (b)
0 9.839] 9.63L | 8.048 | 7.803¢| 7.021 6.0l | 6.126¢| 6,032 s.gus 5.813| 5.523¢
o5 meeee] cea-- 8.108 | 7.876 | 7.100 6.505| 6.243 | 6.155 2. 83 2.962 5.687
1 9.922) 9.72} | 8.165 5.9 31 7.1 2 6.2 6.351 | 6.270| 6.016 .097| 5.835
1.5 e-ee=| ceme- 8.220 | B.006 | 7.2 6. 6.451 1 6.375] 6.132| 6.221 2.969
2 10.003]| 9.808 | 8.273 | 8.066¢| 7.3129 6.769| 6.543¢| 6.L7L] 6.239 ! 6.336( 6.093¢c
----------- 8.372 1 8.175 | 7. 2 6.919 6.507 6.651 6.432| 6. 6.3
10,147 9.952 | 8.L460 | 8.271 .Zhh 7.051| 6.849 | 6.807! 6.599 6.5%2 6.207
2 ------------ 8.258 8.35& . 7.169| 6.975 6.92& 6.& 5| 6.879| 6.67
10.271]10.072 | B.61L | 8.33 7.533 7.272 7.087 | 7.0 Z 6.875| 7.019] 6.8
8 10. ZZ 10.172¢ B.Ehs 8.26 c g. 9 7.%5 7.275¢ 7.22 7.095| 7.256 7.05 c
10 10, 10.256 | 8.852| 8. Z .01 7.607| 7.431 | 7.460( 7.287 7.250 7.281
12 | eemmms]aa-als 8.945 (| 8.7 8.12 7.733| 7.563 7.392 7.%25 7.611( 7.448
16 | comecofoeeeen 9.094 | 8.912 | 8.3 5.9 7.183 | 7.809f 7.650 5.86h 7.708
20 10.768(10.523 | 9.208 | 9.020 | 8.433 .0 g.955 7.989 5.836 .053 5.901
0 | ~eeeor|emea-a 9.4oL | 9.194¢! B.657 8.33 .206¢| B8.2731 B8.134 | B8.368| 8.222¢
0 11.028{10.722 | 9.526 | 9.302 | 8.797 8. 36 8.375 8.2& 8.320 8.56% 8.%22
0 11.169(10. 2 9.672{ 9.43 8.962 8.681 8.270 8.654] 8.53 8.788| 8. 32
80 11.243]10.92 9. 9.5 .oge 8.786! 8.676 8.3K1 8.65 8.916 8'562
100 11.290 10.972 9. 9.56 116 8.8531 B8.738 | 8. 03 8.72 8.998{ 8.
200 | 11.394{11.12 9.92 '9'§ﬁ2° 9.2,,8 9.000] 8.8259} 9.008| 8. 9.1%6| 9.0210
oo 11.511f11.247¢{10.059 | 9.845 | 9.397 9.165| 8.989¢| 9,189| 9.02 9.374| 9.2200
A
b 1.1 1. 1.4 1.6 1.8 2.0
€ (a) (b) (a) {b) (a) (a) (b) (a) (b) (a) (v)
0 | ececec] cece- 5.658 | 5.3,3¢] 5,721 .907| 5.937°] 6.168| 5.768 | 6.483| 6.053¢
.5 5.872] 5.589 .856 | 5.562 .970 2.207 2. 50 6.322 2.157 6.%83 6. 56
1 | eeeee]| cenal .035 1 5.798 .192 6.475 .1gg 6.834 1 6.,6% 7.22& 6. g
1.5} 6.172{ 5.915 6.;32 Z.95h 6.39] 6.715| 6.3 7.123 6.755 | 7.561| 7.17
2 mecwe| ceco-l 6. 054 C| 6.577 .9321 6.610¢ 7.3 7.017 g. 6| 7.479¢
a 6.5a§ 6.308 | 6.610 é.zzz 6.3 7.312| 7.010 g.aoo 7.%25 .;59 g. 91
.7 6.529 | 6.837| 6. 7.17 7.633 7.350 .169 g. g 8.753! 3.426
2 .920| 6.711 | 7.035| 6.822 | 7.258 .9Yi| 7.6L6 | 8.485] B.19 9.109| 8.801
7.077{ 6.877 | 7.209 | 7.00L | 7.620 .152 3.906 8.761| 8.491| 9.417| 9.126
8 7.342] 7.155 | 7.%Q2 7.3gﬁc 7.968 8.55 .338¢ 9.,210| 8.970( 9.929| 9.668¢
10 | ececoe] aceee 7.739 7.; 8.248 8.879] 8.632 9.ggﬁ 9.366 | 10.337|10.099
12 | ~eeen| emeee 5.9 5 g.ozs 8.479 9.153} 8.967 | 9. 9.680 | 10.672(10.
16 | cmece| cce-- . .069 | 8.83 9.326 9.381 [10.347/10.158 | 11.187|10.9
20 | eecee]| eco-- 8.469 | 8.303 | 3.1 9.8601 9.688 |10.690(10.509 | 11.567[11.377
) cmmmn| weeew . 8.695¢] 9.543 10.359110.188¢{11.251{11,085 | 12.190|12.029¢
0 8,783 8.6&3 .076 [ 8.935 | 3.810 10.655 10, 11.591{11.436 | 12.567{12.421
9.029 S.gz 9.344 | 9.2 10.13? 11.015 {10,848 |11.985(11. 13.002{12.871
] 9.168{ 9.040 | 9.495 | 9.368 |10.28); 11.213 11. 12.205(12.062 | 13. Z 13.
100 weeval cmeee 9.391 9.4, 10.%?u 11.2{ 11.12; 12.2&7 12.204 | 13. 13.2zh
200 | ~ceme| womae .800 9'335° 10,648 13.61) [11.4ol¢(12,551 [12.491 1 18, 13,.567¢
| eeeem) wso-- 10,034 ] 9.885 [10.913 11,914 {11,768 {12.989,12.838 +112/13.950

%Valussobtained from the energy methed.

PRecommended values.

SYalues obtained frem tha exfict sofution of the diffecential aquation
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Figure 2-Chart gving values of kg in equation for critical shear stress

for an infinitely lcng flat plate with equal restraints along
the parallel edges
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Figure 4.~ Infinitely long rectangular vlate under shear; cororiinate
system used in apopendiz A,
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